Abstract. Human resources are actively involved in business process management (BPM), due to their participation in the execution of the work developed within business process (BP) activities. They, thus, constitute a crucial aspect in BP design. Different approaches have been recently introduced aiming at extending existing BP modelling notations to improve their capabilities for human resource management. However, the scope of the proposals is usually quite limited, and most of them provide ad-hoc solutions for specific scenarios. Resource Assignment Language (RAL) was developed just to overcome such shortcomings, being independent of the modelling notation in which it is used, and providing interesting resource analysis mechanisms. Still, RAL is currently focused on a single BP instance and, thus, resource assignments cannot contain constraints between two process instances. In this paper, we introduce a complete (i.e. syntactical and semantical) extension for RAL to provide it with history-aware expressions. These expressions will, in turn, be able to be automatically resolved and analysed along with the other RAL expressions, thanks to RAL's semantics based on Description Logics (DLs).
Introduction
Human resource management is one of the key aspects to consider when designing a BP, since the participation of people drives the execution of the processes carried out in an organization. Therefore, if we want everything to work properly and efficiently at run time, the design of an appropriate distribution of the work among the members of an organization is crucial.
As a proof of that, lots of approaches dealing with issues related to human resource management have been introduced in the recent years, and current Business Process Management Systems (BPMSs) are increasingly concerned about improving the support they provide for that purpose. Several proposals address This work has been partially supported by the European Commission (FEDER), Spanish Government under project SETI (TIN2009-07366); and projects THEOS (TIC-5906) and ISABEL (TIC-2533) funded by the Andalusian Local Government.
the extension of Business Process Modelling Notation (BPMN) to enhance the resource perspective [1, 2] ; others extend Unified Modelling Language (UML) to specify and check well-known rules such as Segregation of Duties (SoD) and Binding of Duties (BoD) [3] . New resource assignment languages that can be used in combination with different process modelling notations have also been introduced [4, 5] . However, in spite of the large amount of solutions, most of them are ad-hoc, their scope is quite limited, or they are just incomplete, meaning that they focus on specific aspects and leave others aside.
From the existing approaches, we are going to focus on RAL, a Domain Specific Language (DSL) to define resource assignment expressions in BP activities, aimed at exceeding the scope of similar approaches [5] . It has notable advantages, to be named: (i) it offers a wide collection of resource assignment expressions, (ii) it is not designed for a concrete BP modelling notation, and (iii) it provides automated analysis capabilities derived from its formal semantics based on DLs. Section 2 contains background on RAL. Nonetheless, the current scope of the language is restricted to a single BP instance, without considering past information in the resource assignments. In particular, RAL covers ten out the eleven Creation Patterns belonging to the Workflow Resource Patterns (WRPs) described by Russell et al. [6] , but support for the following pattern referred to history information is currently missing:
History-Based Distribution: The ability to distribute work items to resources on the basis of their previous execution history.
We consider this an important limitation of the language, since this pattern is already supported by some other proposals, and there are constraints such as the aforementioned SoD and BoD that sometimes need information from previous BP executions (e.g. static SoD [3]). RAL's specification and semantics should, thus, be extended to include this pattern. In this paper, we introduce such an extension. As a result, we provide RAL with the required elements to specify that: (i) an activity has to be performed by the person that executed a certain activity in a previous instance of the BP; and (ii) an activity cannot be undertaken by somebody that has participated in the process in instances run during the last week. We wanted to keep RAL expressive enough to enable the specification of assignments that are likely to be used in organizations, so we have introduced history-aware assignment expressions both at activity level and at process level (cf. Section 3 for details). Besides that, in Section 4 we describe the DL-based semantics of the new RAL expressions, as well as the mechanism to automatically resolve such expressions to obtain the set of potential performers of an activity. Only one of the candidates might be later allocated to the task at run time. Finally, some related work is briefly introduced in Section 5, and the paper ends up with some conclusions and future work in Section 6.
Background
The work we present in this paper is the continuation of previous work on the improvement of resource management in BPs. A study we carried out about the
